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AGES OF ROCKS IN SOUTHWESTERN WASHINGTON AND
NORTHWESTERN OREGON 

AS INDICATED BY PALEONTOLOGICAL AND ISOTOPIC DATES

by 
Wendy A. Niem and Alan R. Niem

INTRODUCTION

This report presents a compilation of 1,019 paleontologic dates and 301 isotopic 
dates of rocks in southwestern Washington and northwestern Oregon. The study area 
extends from Portland, Oregon (latitude 45°30' N.) to Bellevue, Washington (latitude 
47°35 f N.) and from the east flank of the Cascade Range (longitude 121°20f W.) to the 
coastline (longitude approximately 124°00f W.). The data are presented in two tables and 
come from previous summaries of isotopic ages, open-file reports, published papers and 
maps, and theses. Parke D. Snavely, Jr. of the U.S. Geological Survey and Weldon W. 
Rau of the Washington Division of Geology and Earth Resources (WDGER) generously 
allowed us access to files and records of more than 40 years of micropaleontological 
research in western Washington and Oregon. We also present unpublished data from our 
research since 1971 in northwestern Oregon. This compilation was undertaken for the 
southwestern Washington and northwestern Oregon project of the U.S. Geological Survey 
Evolution of Sedimentary Basins Program.

Data compilation was completed in only three months and, therefore, some 
available data may have been overlooked. We would appreciate being contacted about 
omissions through: Wendy A. Niem, Department of Geosciences, Oregon State 
University, Wilkinson Hall 104, Corvallis, OR 97331-5506.

Sample locations were plotted as accurately as possible given the limitations of the 
scale of the base map or the scale of the map on which the data were reported. Cross 
references are provided for many localities.

Age determinations are presented as they were published in the source reference. In 
1976, the IUGS Subcommission on Geochronology recommended a new set of decay and 
abundance constants for calculation of K/Ar ages. Therefore, K/Ar analyses published 
prior to 1976 have been recalculated using the conversion tables of Dalrymple (1979). The 
recalculated dates are presented in the comments column. Most isotopic dates included in 
this report were derived by K/Ar analysis; others were determined by uranium-lead (U/Pb), 
lead-alpha (Pb-alpha), fission track (F-T), 40Ar/39Ar (Ar/Ar), or 14carbon (C-14) analysis.

Paleontological research in western Washington and Oregon has been published in 
the geological literature for more than 140 years. Exposures in many areas have been 
examined several times by researchers with increasingly refined schemes of paleontological 
zonation for the Pacific Northwest. Many investigators have attempted to correlate Pacific 
Northwest faunas with the well-studied and defined molluscan and foraminiferal zones of 
California. Therefore, this summary mainly presents data reported since 1950, although a 
few older references are cited.

In some areas, the sampling and research has been so intensive and has been 
conducted by so many paleontologists that only a relatively small number of sample 
locations are shown on the map (Plate I). Some of these areas are the Green River canyon, 
area, WA (T. 21 N., R. 7 E.), the Wishkah River area, WA (T. 19 and 20 N., R. 8 and 9



W.), the Satsop River area, WA (T. 20 and 21 N., R. 6 and 7 W.), the Chehalis River 
area, WA (T. 15, 16, and 17 N., R. 3,4, and 5 W.), the Cowlitz River area, WA (T. 10 
and 11 N., R. 1 and 2 W.), the Astoria, Oregon area (T. 8 N., R. 9 W.), the Vernonia- 
Pittsburg, Oregon area (T. 3, 4, and 5 N., R. 4 and 5 W.), and the Rock Creek area, OR 
(T. 4 and 5 N., R. 5 W.).

Map and Sample Numbers

Numbering of localities (Map No.) on each of the two plates begins with 1 at the 
northwesternmost locality and continues consecutively eastward across a tier of one to three 
townships, resumes at the western end of the next township to the south, and continues in 
this pattern southward down the map. A few localities, however, are out of numerical 
order. On Plate I, these localities include numbers 997,998, and 999 (which are in T. 7 
N., R. 6 W.), 1000 and 1001 (which are in T. 4 N., R. 9 W.), 1002 (which is in T. 3 N., 
R. 9 W.), and 1012 through 1019 (which are in T. 11 and 12 N., R. 6 and 7 W). On Plate 
II, locality numbers 127 (in T. 15 N., R. 9 W.), 132 (in T. 6 N., R. 1 W.), 299 (in T. 15 
N., R. 7 W.), 300 (in T. 16 N., R. 5 W.), and 301 (in T. 18 N., R. 4 W.) are not in 
numerical order. Sample numbers are those used by the source reference.

Location

Sample locations in Tables 1 and 2 are listed both by latitude and longitude and by 
township and range. The township and range grid in the study area is based on the 
Willamette Meridian and Willamette Baseline. Latitude and longitude for each locality are 
listed as they are given in the source reference or as read to the nearest 5 seconds (5"). In 
some cases, the location is given to the nearest 2 seconds (2"). All locations were plotted 
manually by the first author. The appropriate 7.5-minute U.S.G.S. topographic quadrangle 
is also listed for each locality. Topographic or orthophotoquad maps are presently available 
for most, but not all, of these quadrangles. Seven and a half-minute topographic maps 
should become available for all listed quadrangles within the next several years.

Geologic Unit

The two data tables provide paleontological and isotopic dates for southwestern 
Washington and northwestern Oregon. Therefore, the geologic units include both 
sedimentary and igneous (both extrusive and intrusive) units. For sedimentary formations, 
we list the unit name used by the original author in the source reference and/or by more 
recent workers. Some authors used informal unit names. Where an informal unit name has 
been superseded by a formal name, we list the formal name in the geologic unit column and 
provide the informal unit name from the source reference in the comments column. The 
stratigraphic nomenclature generally conforms to Hull and others (1988). Readers may also 
wish to refer to a geologic map of the Astoria basin (Niem and Niem, 1985) for current 
stratigraphic nomenclature of northwestern Oregon. Some extrusive units are very young 
(less than 1 Ma) and have informal field names (listed here) which may not be recognized 
by the U.S. Geological Survey Geologic Names Committee.

The Tertiary sedimentary rocks of southwestern Washington and northwestern 
Oregon accumulated in a complex convergent margin setting and are characterized by rapid 
facies changes. As a result, the nomenclature can be confusing. Formational units which 
are separated into members in one area may be undifferentiated in another area. For 
example, Niem and Niem (1985) and A. R. Niem's graduate students at Oregon State 
University have distinguished members of the Astoria Formation in northwestern Oregon.



However, in southwestern Washington, time-equivalent and slightly younger strata are 
called the Astoria(?) Formation by most workers.

Most of the paleontological data summarized in this report are from forarniniferal 
research. The preponderance of foraminiferal data reflects the large volume of marine fine 
grained sandstone, siltstone, or mudstone. Readers will note that many of the sample 
localities are along streams where runoff removes weathered rock and exposes "fresh" rock 
which yields identifiable paleontological specimens.

Paleontological data from mollusks, coccoliths, diatoms, fossil floras, and 
vertebrate remains are also reported. The type of fossil fauna or flora on which the date at 
each locality is based is indicated in the comments column. Several publications report 
subsurface paleontological information, especially in northwestern Oregon related to the 
Mist Gas Field. These subsurface age data are not included in this report

Dates

The paleontological and isotopic data are presented in slightly different formats. 
Following the columns for map no., sample no. (as used in the source reference), location 
data, and geologic unit, the paleontological data table provides the Tertiary epoch, stage, 
and zone (where known). The Tertiary epochs listed in the epoch column are those reported 
in the source reference. In 1981, Armentrout published a major revision of the relative 
positions of many of the microfossil and megafossil stages and zones relative to the 
Tertiary epochs and absolute dates. The absolute age of the Eocene/Oligocene boundary has 
been modified since Armentrout's 1981 paper by Montanari and others (1985) and by 
Berggren and others (1985). In addition, Prothero and Armentrout (1985) correlated the 
forarniniferal and molluscan biostratigraphy of southwestern Washington to the global 
marine chronology. The reader should refer to these papers and to Armentrout (1981), 
Niem and Niem (1985), and Hull and others (1988) for these revisions, particularly for 
dates from pre-1981 sources. Figure 1 provides a correlation of Pacific Northwest 
benthonic forarniniferal, molluscan, and megafloral stages and coccolith zones to the 
absolute and relative time scales for the Tertiary. The column labeled "Pre-1981 Time-Scale 
boundaries" shows the chrono-stratigraphy used by studies prior to 1981. For example, 
prior to 1981, the Refugian forarniniferal stage was correlative to the early Oligocene. In 
current usage, the Refugian is regarded as late Eocene and early Oligocene. For 
paleontological studies published prior to 1981, the correlative epoch based on the revised 
Tertiary geochronology is listed in the comments column if the source reference provided 
sufficient information to make this correlation.

The isotopic data are arranged in similar style to the paleontological data. Following 
the columns for map no., sample no. (as used in the source reference), location data, and 
geologic unit, the isotopic data table lists the date (in Ma), standard deviation, material 
dated (e.g., whole rock, zircon), and analytical method. For very young material dated by 
carbon-14 analysis, the date is listed in years rather than millions of years. The reader 
should refer to the source reference in order to examine other analytical data that would 
assist in evaluating this listed date. The concluding columns for both tables are source 
reference, other works in which this date is cited, and comments. Absolute ages can be 
correlated to the post-1981 relative time scale and microfossil and megafossil stages on 
Figure 1.

We strongly recommend that readers check and independently evaluate the source 
reference before citing any information included in this report
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